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AbstractThis paper describes the effect of internal reinforcing steel plate thickness on strain and stress distribution in bearing 
pad. For analysis, bearing pads with a single internal steel plate were considered to be two-dimensional mixed boundary value 
elastic problems. A numerical approach was taken in solving the boundary value problem, formulated in terms of potential 
displacement function. To study the effect of reinforcing plate thickness on the stress distribution in bearing pads, three 
differentplate thicknesses were considered. The models were solved for certain compressive deformations of the bearing pad. 
Solutions have been analyzed and the results have been discussed with graphical presentations. Attempts have been made to find 
the optimum thickness of the steel plate and an optimum design principle has been established. 
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1. Introduction 
American Association of State Highway and Transportation Officials (AASHTO) [1] define a bearing as “a 
structural device that transmits loads while facilitating translation and/or rotation”. Due in part to the reduced need 
for maintenance, neoprene bearing pads are now often used in the support of bridge superstructures, heavy machines, 
and so on. Typically, a bearing pad consists of neoprene rubber reinforced with laminated steel plates. In the present 
view of Bangladesh, neoprene bearing pads are currently being produced locally. If the design of the bearing pads 
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are not within optimum limits, then progressive wear, tear, failure and increased downtime becomes inevitable. This 
study explores the stress-strain behaviours of a bearing pad and endeavours to find the optimumthickness of steel 
plates that would give the lowest possible stresses and strains, enabling for more efficient designs.The objectives of 
this work can be broadly categorized into the following core points 
x To establish a model for a neoprene bearing pad with a single reinforcing steel plate and perform stress-strain 
analysis to find the stress and strain behaviours prevalent in such a bearing pad under uniform compressive load 
x To locate the maximum stress and strain regions and find the trend of the maximum stress and strains for varying 
steel plate thickness, in turn finding the optimum plate thickness and establishing an optimum design principle. 
For solution of elastic problems, two methods are already established – the stress function approach by Timoshenko 
and Goodier [2], and the displacement potential approach by Uddin [3]; but if the problem is of mixed boundary 
value, the first method does not give satisfactory results. Difficulties regarding Airy’s stress function are duly 
pointed out in the works of Uddin [3] and Durelli [4] whereas displacement formulation needs numerical modelling 
in solution of the elastic problem. On the face of all these difficulties, a new numerical model has been developed 
based on a formulation by Uddin [3] and later by Idriset al.[5,6] where the elastic problem has been formulated in 
terms of potential function ψ, defined in terms of displacement components; and this has been used for obtaining 
analytical solution of a number of mixed boundary value elastic problems. Ahmed et al.[7,8,9,10] extended its use 
by using finite difference solutions to solve mixed boundary value problems of simple rectangular bodies. Akanda 
[11,12,13] developed a numerical scheme by which he solved irregular shaped elastic bodies with mixed mode 
boundary conditions. The current paper bases its solution procedure on the numerical scheme of Akanda [11,12,13] 
in finding the solution of practical stress conditions in an ideal bearing pad. 
 
Nomenclature 
E modulus of elasticity in tension 
μ poisson’s ratio 
u displacement component in the x-direction  
v displacement component in the y-direction 
σx stress component in the x-direction 
σy stress component in the y-direction 
τxy shear stress component in xy plane 
ψ potential function defined in terms of displacement 
h mesh length in x-direction 
k mesh length in y-direction  
2. Elastic Problem 
Analysis of stresses in an elastic body is generally a three-dimensional problem; but in the cases of plane stress or 
plane strain, the stress analysis of three-dimensional body can easily be resolved into two-dimensional problem. The 
problem studied here has been considered to be a plane strain problem. According to Uddin [3] and Ahmed et al.[7], 
in the displacement potential approach only a single function, the displacement potential function ψ(x,y),has to be 
evaluated from the equation: 
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In order to solve the problem using Eq. (1), boundary conditions are needed to be expressed in terms of ψ and the 
corresponding relations between known functions on the boundary and the function ψare as follows: 
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3. Solution of the Problem 
The solution of the problem under study is done according to the formulations stated above in a numerical 
approach using a finite difference scheme developed by Akanda [11,12,13] in FORTRAN programming language. 
 
3.1. Problem definition and modeling  
 
The problem was simplified by modelling a bearing pad, having a single reinforcing steel plate embedded 
between two neoprene layers, thus simulating a single section of a multi-plate reinforced bearing pad,as a mixed 
boundary value problem under plane stress and plane strain conditions. The bearing pad is L = 50 mm wide, T = 30 
mm thick and is of an infinite length in the z-direction perpendicular to the paper as shown in Fig. 1(a). It was 
assumed that the steel plate is rigid with respect to the material of neoprene bearing pad. A uniform deformation of δ 
= 0.003 mm has been put on the horizontal surface as shown in Fig. 1(b). The thickness of the internal steel plate, t, 
has been taken as 4 mm, 10 mm and 16 mm for the three models under consideration.  
 
 
Fig. 1. (a) Dimensions of the ideal bearing pad considered; (b) boundary conditions and typical discretization of the geometry. 
3.2. Discretization, boundary conditions and material properties 
 
Both u and v are zero on steel-neoprene interface as the steel plate is assumed rigidly fixed. The top and bottom 
surfaces of the pad have the boundary condition of u= 3e-03 and τxy = 0. The two vertical sides are free to move and 
thus it has the boundary condition of σx = 0 and τxy = 0. It is to be noted here that mesh sizes in both directions are 
assumed to be 0.25 mm. For the study, Poisson’s ratio was found out for local bearing pads through ASTM E 132-
97 standard tests. The tests gave results between 0.45-0.49. In keeping with literature [14], in this study Poisson’s 
ratio has been assumed to be 0.48 while Young’s Modulus has been assumed to be 17 MPa. 
4. Results and Discussion 
From the solution of the problem, it can be clearly seen that due to the applied deformation, the top and bottom 
portions of the pad gradually compresses towards the centre line. For every thickness model, there are four major 
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stress concentration regions - two on the two horizontal steel-neoprene interfacesand two on the two vertical steel-
neoprene interfaces each. There are four minor concentration regions on the four corners of the bearing pad. As the 
plate thickness increases, the magnitude and area of the stress concentration increases. This is evident in the contour 
graphs of σxand σy values as shown in Fig. 2. The vertical sides of the pad bulge outwards, but the magnitude of the 
bulging decreases as the plate thickness increases while the bulging area increases, as seen in Fig. 3(a). The profile 
of the bulged surface shows increased waviness with the increase in plate thickness. The increase in the magnitude 
of stresses with thickness is also evident in Fig. 3(b) which shows the σxvariation at the middle horizontal section 
(section 5) and in Fig. 3(c) which shows the σx variation at the middle vertical section (section 3) of the pad. 
 
 
Fig. 2.(a), (b), (c) Contour of σx and (d), (e), (f) Contour of σy for 4mm, 10mm & 16mm plate thicknesses respectively. 
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Fig. 3. (a) u-value profile on section 1; (b) Distribution of σx on section 5 and (c) σx on section 3 for 4 mm, 10 mm and 16 mm plate thicknesses. 
For optimum thickness, the stress concentrations should be as low as possible on the steel-neoprene interface. If 
stresses are too high, the neoprene will peel off from the plate, and thus the pad will be rendered ineffective. To 
study the optimum thickness, we first define Section-A as the section on the bottom horizontal surface, and Section-
B as the section on the right vertical surface of the steel-neoprene interface. Figure 4 shows such comparisons of 
various stresses for the three thickness models. Figs. 4(a), 4(c) and 4(e) are showing a similar increase in stress level 
with the increase of steel plate thickness, but Fig. 4(b) is showing two peaks in stress at the beginning and end of the 
steel plate for 4 mm thick plate only; 10 mm and 16 mm thick plates do not show such peaks. For Fig. 4(d), although 
all the models are showing peaks, but the peaks at the beginning and end of the plate decreases with the increase of 
thickness, whereas the middle peak increases with thickness. This is due to the fact that when the thickness is too 
low, stresses at the vertical surfaces (Fig. 2) overlap and influence stresses on the horizontal neoprene-steel 
interface. On the other hand, if thickness is higher, the stress concentration regions do not overlap on the horizontal 
surface, and thus does not increase stress at the beginning and ending portion of the steel plate.  
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Fig. 4.Comparison of (a) σx (c) σyand (e)τxy on Section-A and of (b) σx (d) σyand (f) τxy on Section-B for the three thicknesses considered. 
Figure 5 is showing the maximum stresses according to Fig. 4 for the three models. From Fig. 5, we can see that 
on the horizontal surface of steel-neoprene interface,σx has the most influence, closely followed by τxy and then by 
σy. All the stresses first show a decrease in the maximum value when thickness is raised from 4 mm to 10 mm and 
an increase when the thickness is increased from 10 mm to 16 mm. This is due to the extra peaks found in 4 mm 
thickness models, shown in Fig. 4(b) and 4(c). On the vertical interfaces σx has the most influence on 4 mm and 10 
mm thickness models, but τxy has the greatest influence on 16 mm thickness model. All the maximum stress points 
are potential bond shear zones and for a design to be optimum, minimum interface stresses are required. For 16 mm 
thick plate, stress level is highest. Although the stress level is higher for 10 mm thick plates than 4mm thick plates, 
the trickle down effects prevalent in 4 mm thick plates due to zone overlap can give rise to shear in the four corners 
of the plate. So, the optimum design should be a plate with thicknesst ≤ 10 mm, or one-third of pad thickness, T.  
 
Fig. 5. Maximum σx,σy&τxy on (a) bottom horizontal surface (Section-A) and (b) right vertical surface (Section-B) for the three thickness models 
considered. 
5. Conclusion 
Through the study and analysis, it can be said that thickness of the steel plate plays a very important role in the 
stress-strain behaviour of a bearing pad. Four regions of stress concentrations are of the most importance while 
designing the bond strengths of such a bearing pad. Failure will most likely occur at the interfaces of steel plate and 
neoprene in those four regions. From the study it was found that stresses would be optimum when the thickness of 
the internal steel plate would bet ≤ 10 mm, orless than one-third the thickness of the bearing pad itself, or in other 
words, the total thickness of the two neoprene layers embedding the plate. 
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